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In interpersonal encounters, individuals often exhibit changes in their own facial
expressions in response to emotional expressions of another person. Such changes
are often called facial mimicry. While this tendency first appeared to be an automatic
tendency of the perceiver to show the same emotional expression as the sender,
evidence is now accumulating that situation, person, and relationship jointly determine
whether and for which emotions such congruent facial behavior is shown. We review
the evidence regarding the moderating influence of such factors on facial mimicry with
a focus on understanding the meaning of facial responses to emotional expressions in
a particular constellation. From this, we derive recommendations for a research agenda
with a stronger focus on the most common forms of encounters, actual interactions
with known others, and on assessing potential mediators of facial mimicry. We conclude
that facial mimicry is modulated by many factors: attention deployment and sensitivity,
detection of valence, emotional feelings, and social motivations. We posit that these are
the more proximal causes of changes in facial mimicry due to changes in its social setting.
Keywords: mimicry, facial expression, EMG, cooperation, competition, mood
Introduction
We humans have complex social lives, and our sociality is deeply ingrained in the makeup of our
brains. Certainly, being able to cooperate, to lead and follow, to negotiate and to care for each other
has given us an advantage over other species. Yet, how exactly wemanage to coordinate, understand
others’ states and intentions and signal our own, still needs clarification. Of course, emotion
psychologists have long been fascinated with emotional expressions, and social psychologists have
been studying the influence of social situations on social behavior for over a century. However,
the two fields of interest have only recently been brought together. This allows us for the first
time to delineate how facial muscular reactions to the most important social stimulus, the human
face, depend on the social context an individual is in, including one’s traits and states, or one’s
relationship with the other person. In this paper, we explore facial reactions to facial expressions in
order to better understand human nonverbal communication and its coordination.
The social situation in which facial mimicry typically occurs is that of a conversation. Whereas
facial mimicry also occurs in other social situations such as between teacher and student, or
actor and audience, the current review focuses on situations where only two individuals are
involved who may or may not talk to each other. Such interpersonal encounters vary according
to their setting, the states and traits of each of the interaction partners and their relationship. The
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current review aims at identifying the key findings as they pertain
to these sources of influence.
Theories of Behavioral and Facial Mimicry
The term mimicry describes the often unconscious and
unintentional imitation of behavior shown by an interaction
partner, like posture, prosody, or facial expressions, the
latter called facial mimicry. Specifically, facial mimicry means
congruent facial muscular activations in response to an
emotional facial expression. For example, individuals react with
an activation of the Zygomaticus major (muscle which lifts the
corners of the mouth, forming a smile, labeled Zygomaticus
throughout this review) when they look at a happy face, or
they react with an activation of the Corrugator supercilii (muscle
which draws the eyebrows together, forming a frown, hereafter
labeled Corrugator), when they look at a sad face. These
reactions can be of very low intensity and are therefore usually
registered electromyographically (EMG) by placing electrodes
over the respective muscle regions (Fridlund and Cacioppo,
1986). Changes in muscular activity are typically reported as
difference scores between the reaction score, i.e., the muscle
activity while watching the expression, and baseline, e.g., the
muscle activity during the second before stimulus onset.
Measured this way, themuscular changes begin within the first
500ms after stimulus onset and are typically outside of conscious
awareness (Dimberg and Thunberg, 1998). They can be observed
even after subliminal exposure (Dimberg et al., 2000; Bailey and
Henry, 2009), and it seems that they cannot be suppressed, even if
one is instructed to do so (Dimberg et al., 2002; Korb et al., 2010).
This suggests that facial mimicry occurs automatically as a reflex-
like reaction. There is also evidence for biological preparedness,
because already neonates show it (cf. Field et al., 1982; Meltzoff
and Moore, 1989).
Mimicry as Pure Motor Copy
According to Chartrand and Bargh (1999), mimicry, both facial
and gestural, is based on the perception-behavior link. According
to this theory, perception is linked to behavior because of a
common, or shared, representational system for perception and
action (see also Prinz, 1990). As a consequence, the probability
of a certain behavior increases with the mere observation of that
behavior shown by another person, an effect also referred to
as the chameleon-effect (cf. Lakin et al., 2003). This theoretical
approach is discussed by Hess and Fischer (2013) as the matched
motor hypothesis. Chartrand et al. (2005) describe mimicry as
a universal process, which takes place in all people who can
perceive and imitate behaviors, and which always represents the
same meaning and function.
This view of mimicry is closely related to its postulated
function. It is widely agreed that facial and other mimicry
promotes affiliation and plays an important role in initiating
and maintaining positive social relationships (Hess and Fischer,
2013). There is evidence that someone who mimics is liked more
than someone who does not mimic, even when the mimicking
vs. not mimicking agents are avatars (Bailenson and Yee, 2005).
Thus, mimicry has been referred to as social glue (Lakin et al.,
2003), which binds individuals together.
Lakin and Chartrand (2003) assume that they observed
mimicry of foot shaking and face rubbing because “activating
the desire to affiliate temporarily strengthened the perception-
behavior link. Specifically, the desire to affiliate may cause people
to pay more attention to what occurs in their social environments
(i.e., they perceive more)” (p. 338). Applied to facial mimicry, this
means that any situation that increases or reduces the desire to
affiliate should also increase or reduce facial mimicry.
Facial Expressions Carry Meaning
Yet, in facial mimicry, as opposed to gestural mimicry, the
facial expressions of the sender and the receiver carry specific
intrinsic meaning. According to Hess and Fischer (2013), smiles,
fearful and sad expressions are more affiliative than frowns
and disgusted expressions. But even the same expression can
mean different things. A mother’s reciprocation of her child’s sad
expression carries more information than her reciprocation of
the child’s foot shaking. It may mean that the mother cares about
the sadness of her child, understands and shares it, which implies
a communal relationship. It may mean that the mother is sad
about the child’s sadness, which relates to her own feeling state.
It may mean that the mother wants the child to stop being sad,
an appeal, or confirm the veracity of the sad news that the child
anticipated, a factual information. It may even encompass several
of these aspects at the same time.
In order to understand the facial response given to a facial
expression, it is therefore necessary to make assumptions about
the perceiver’s understanding of the situation and relationship, as
well as about his or her state and intentions. This is necessarily
somewhat speculative, and made more difficult by the fact that
many facial mimicry studies do not assess such variables. In
this review, we therefore combine a top-down approach of
making reasonable assumptions about likely intentions, states
and interpretations, with a bottom-up approach of searching
for stable findings and plausible explanations of them. Both
moderators and mediators can be informative with regard to the
message conveyed by a facial expression.
As mentioned earlier, to structure this review, we focus on
moderation of facial mimicry by aspects of the social situational
context. Specifically, we first examine factors relating to the
setting, then to personal characteristics of the perceiver and the
sender (except for clinical psychopathological characteristics),
and finally to the relationship between perceiver and
sender.
The Setting
Imagine you attend a party with loud music. It is likely that in
such a situation, you focus more on your interaction partner,
and tune up your facial expressions and your facial mimicry, in
order to make yourself understood despite the difficult verbal
communication. Now imagine you attend a business meeting,
everybody wears business attire and the conversation is about
money. In such a situation, you might be much more restrained
in your facial communication. The reason could be that you do
not want to be “read” too easily, or that you are uncertain about
the appropriate facial display.
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Social Interaction
As different social settings require different facial signaling, social
norms and scripts develop regarding the normal, correct or
desirable facial behavior in a setting. However, in most facial
mimicry studies, the setting is impoverished compared to the
multitude of signals present in natural settings, with participants
passively watching photos, computer-generated images or short
video sequences on a computer screen, with electrodes attached
to their face. A few studies have, however, investigated facial
responses during interactions of two naive participants, as
described next.
Hess and Bourgeois (2010), using EMG measurement of
two participants concurrently, found that in such interactions,
women smiled more than men, and both genders showed more
Duchenne smiles than polite smiles. The latter lack anOrbicularis
oculi activation (labeled Orbicularis), which raises the cheeks
and forms crow’s feet around the eyes (see, e.g., Messinger
et al., 2001). Interestingly, even when participants talked about
an anger episode, only smiles, but not frowns, were mimicked.
Likewise, during naturalistic observations in shopping malls with
direct response coding by an observer, about half of the smiles
of experimenters were returned but hardly any frowns (Hinsz
and Tomhave, 1991). A set of studies by Heerey and Crossley
(2013) allows a comparison between a natural conversation in
the lab (using facial coding with the Facial Action Coding System;
FACS, Ekman and Friesen, 1978a) and a highly controlled setting
involving computer-displayed “senders” (using EMG). In both
studies, Duchenne smiles were reciprocated earlier than polite
smiles, with muscle contractions even starting before the onset
of an expected Duchenne smile (Study 2).
Cognitive Load
Another difference between lab settings and natural settings is
that in lab studies, care is taken that participants do not hear
or see anything that is not part of the experimental setup. Yet,
in personal encounters, there is always additional stimulation:
usually individuals are engaged in conversation, which can be
more or less demanding, depending on the topic and the goal of
the conversation. There is also typically distracting background
noise, visual and other stimulation. Finally, a person may be
distracted by additional tasks which have to be solved, or her
own thoughts. Thus, the question is whether facial mimicry still
occurs when individuals have reduced processing capacity due
to cognitive load. If facial mimicry is diminished by cognitive
load, then we can conclude that some aspect of the secondary task
interferes with the processes leading to facial mimicry.
Regarding visual distraction, the task to indicate the color
of the presented faces reduced facial mimicry (Cannon et al.,
2009). A task to judge the genuineness of emotion expressions
eliminated facial mimicry, and showed instead Corrugator
activity as a function of task difficulty (Hess et al., 1998).
Yet, when the task also involved a valence judgment of the
expression, facial mimicry remained intact. A more recent study
asking participants to judge the authenticity of smiles found that
facial mimicry was still present and that it predicted ratings of
authenticity (Korb et al., 2014). Regarding auditory distraction,
video sequences of Ronald Reagan’s emotional expressions only
evoked facial mimicry when played without sound (McHugo
et al., 1985).
We conclude that mimicry of Duchenne smiles plays an
important role in conversations, and that anger mimicry may be
uncommon in these settings. Furthermore, focussing on another
aspect of the situation than valence and emotion diminishes facial
mimicry, suggesting that facial mimicry depends on emotional
processing. Yet, more research in naturalistic settings is needed
to understand how they influence facial communication.
The Perceiver
In conversations, individuals are always both perceiver and
sender. In most experiments on facial mimicry, however, only
the facial expressions of the sender are varied, which allows a
clear distinction between both roles. Specifically, most research
on perceiver characteristics measured facial reactions to static
photos of persons or to computer generated faces, facing the
perceiver with direct gaze and displaying a clear emotional
expression, as described in the FACS (Ekman and Friesen, 1978a).
Recently, more studies use short video sequences of actors posing
the development of an expression or morphs between a neutral
start frame and the full expression; we refer to these stimuli as
dynamic facial expressions.
Given the importance of personal characteristics in
interpersonal behavior, one can expect that across situations
and relationships, some individuals tend to mimic more than
others, because of different personal characteristics like cultural
background, gender, and personality traits or because of their
current state. Accordingly, we review evidence for modulation of
facial mimicry by personal characteristics and by states.
Personal Characteristics
Considering the functionality of facial mimicry for bonding,
rapport and interpersonal connection, one should expect that
traits positively related to affiliative motivation enhance facial
mimicry.
Empathy
One personal characteristic important for social rapport is
empathy, which can be divided into at least two sub-constructs:
emotional empathy or empathic concern (“I feel what you feel”)
and cognitive empathy or perspective taking (“I understand
what you feel”). Evidence for this basic distinction is provided
by evolutionary (de Waal, 2008) as well as neuropsychological
approaches (Shamay-Tsoory et al., 2009). Individuals high in
emotional empathy or empathic concern should be more likely to
show facial mimicry, because they feel with the other, and because
they are motivated to show their concern (for a summary and
discussion see Goldman and Sripada, 2005). Conversely, facial
mimicrymay enable cognitive empathy, by working as a feedback
mechanism about the other person’s emotional state (e.g., Neal
and Chartrand, 2011).
In a first study regarding emotional empathy and facial
mimicry, Sonnby-Borgström (2002) recorded Zygomaticus and
Corrugator reactions to happy and angry faces in participants
scoring high and low on the Questionnaire Measure of
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Emotional Empathy (QMEE; Mehrabian and Epstein, 1972).
High compared to low scoring participants showed stronger
congruent Zygomaticus and Corrugator reactions even at short
stimulus presentation times (averaged for the 17, 25, 30, and
40ms). Furthermore, correlations between facial reactions and
self-reported feelings were significantly higher in the high
scoring participants. In a further study, Sonnby-Borgström et al.
(2003) used less presentation times and a backward masking
technique and found evidence of facial mimicry at 56ms for
high empathic participants only (as determined by median split).
Other presentation times (17ms; 2350ms) did not produce
significant EMG differences.
Dimberg et al. (2011) also presented happy and angry faces
to the 30 highest and the 30 lowest QMEE scorers, selected
from a larger sample of students. While the low empathic
participants’ facial reactions did not differentiate between the
happy and angry faces, the high empathic participants showed
larger Corrugator reactions to angry compared to happy
faces and larger Zygomaticus reactions to happy compared to
angry faces. In addition, the high empathy group rated both
expressions as more intense than the low empathy group.
Measuring emotional empathy (QMEE) after exposure to the
facial expressions, Harrison et al. (2010) found a greater
differentiation of Corrugator responses between angry and sad
expressions on one hand and happy expressions on the other
hand for high empathic individuals.
Much less is known about the influence of cognitive empathy
on facial mimicry. Likowski et al. (2011a), using the Reading
the Mind in the Eyes Test (Baron-Cohen et al., 2001) found
that the experimental context influences cognitive empathy–
with individuals in a competitive context having less–, and that
high cognitive empathy predicted specifically more happiness
mimicry. Hermans et al. (2009) used extreme scorers on the
Autism Spectrum Quotient (AQ, Baron-Cohen et al., 2001),
which assesses, as one main component, difficulties with social
interactions, presumably related to deficits in cognitive empathy.
They found only for low scoring women (but not for female
high scorers and men) a significant difference in Corrugator
reactions to smiles (congruent Corrugator relaxation) vs. frowns
(congruent Corrugator activation) and, descriptively, also a
stronger Zygomaticus reaction to smiles in this group. However,
the small sample (only six women in that group) precludes
generalizations from this study. Sims et al. (2012) (see below)
found that while low AQ-scorers showed more smile mimicry
for positively conditioned faces than for negatively conditioned
faces, high scorers’ mimicry reactions were independent of
conditioning.
In sum, the available evidence shows stronger congruent
facial reactions to happy and angry faces in individuals
high in emotional empathy, and suggests that they perceive
emotional expressions as stronger than low empathic
individuals. A tentative conclusion from the available
evidence on cognitive empathy is that it may boost
affiliative smile mimicry toward rewarding interaction
partners. However, research with more specific measures
of trait cognitive empathy is needed to corroborate these
results.
Attachment Style
Attachment styles are classifications of a person’s relationship
with attachment figures (Bowlby, 1969). Here, of particular
interest is whether attachment needs are expressed (secure
and anxious attachment) or concealed (avoidant attachment).
These styles may impact affiliation behavior more generally,
with avoidant adults concealing their negative reactions to
negative affiliation signals. To test this, Sonnby-Borgström
and Jönsson (2004) had participants watch happy and angry
facial expressions with different presentation times. With a
presentation time of 56ms, representing an automatic level of
processing, avoidant participants did not show any Zygomaticus
responses, but compared to non-avoidant participants a tendency
toward stronger Corrugator responses to angry faces. With
a presentation time of 2350ms, representing a cognitively
controlled level of processing, avoidant participants showed no
Corrugator response, but increased Zygomaticus activity, i.e., a
smiling response, to angry faces while non-avoidant participants
reacted with a congruent Corrugator activation. This suggests
that avoidant individuals show enhanced anger mimicry when
they are not aware of the stimulus face, but they tend to
conceal this mimicry, and instead display a smile under conscious
exposure conditions.
Social Anxiety
Are individuals with fear of public speaking more sensitive
to signs of social disapproval, such as an angry face? Four
studies, measuring fear of public speaking with the Public Report
of Confidence as a Speaker questionnaire (PRCS; Paul, 1966),
investigated this issue.
Dimberg and Christmanson (1991) selected participants
according to extreme scores on the PRCS. While the low fear
group exhibited Zygomaticus activation to happy faces and
Corrugator activation to angry faces, i.e., congruent responses,
the high fear group’s facial responses were not affected by the
quality of the stimuli. However, in the first phase of this study,
participants were presented with neutral stimuli as well as faces,
which might have primed the anxious population to assess the
images more cognitively and less affectively. This may therefore
have led participants with extreme social fear to emotionally
disengage.
Dimberg (1997) exposed women above and below the PRCS
median to angry and happy facial expressions. As before, low
compared to high fear women showed larger Zygomaticus
responses to happy faces. However in this study, high compared
to low fear women showed larger Corrugator responses to angry
faces. Corrugator responses in Dimberg and Thunberg’s (2007)
study, which used 1 s instead of 8 s exposure in the other studies
on this question, differentiated better between angry and happy
photos in high-fear women than in low fear women. This was
mainly due to a clear Corrugator deactivation to happy photos
in the high-fear group. In this study, high fear women also
showed larger Zygomaticus responses to happy faces than low
fear women.
Vrana and Gross (2004) selected their participants from a pool
of introductory Psychology students according to their PRCS
scores. Participants for the high fear group were chosen from
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the top 10% scorers and participants for the low fear group from
the students scoring one standard deviation around the mean.
Low compared to high fear participants overall showed larger
Zygomaticus activation, i.e., smiled more, especially to happy
and neutral expressions. Corrugator reactions showed only a
descriptive trend toward stronger activation in response to angry
faces in high compared to low fear participants. Interestingly,
in this study both groups showed activation of both muscles
compared to baseline for happy, angry, and neutral expressions,
possibly indicating amusement or cognitive effort.
Thus, three studies, all with 8 s exposure and EMG assessment,
show weaker Zygomaticus activation to smiles in the high fear
compared to the low fear group, suggesting reduced affiliative
behavior toward strangers due to high social anxiety. The one
study with 1 s exposure to expressions, however, shows stronger
Zygomaticus responses to smiles in the high fear group. Also, in
three studies, high compared to low fear participants reacted with
stronger Corrugator activation toward angry faces. A possible
interpretation is that this reaction is an emotional one indicating
fear elicited by social threat. However, the Frontalis (muscle
which raises the eyebrows) as indicator of a fearful expression
has not been measured in either of the studies to validate
this hypothesis. A related interpretation is that socially anxious
individuals are more sensitive to all emotional expressions, as
shown with short exposure times; they, however, inhibit their
smile to happy faces at longer exposure times due to fear of social
contact (Dimberg and Thunberg, 2007).
Gender
While most facial mimicry studies used male and female
participants, few publications report tests for gender effects. In
a study specifically concerned with participants’ gender as well
as the gender of the facial stimuli, Dimberg and Lundquist
(1990) presented angry and happy facial expressions for 8 s each.
Women reacted stronger with the Zygomaticus to happy faces.
No effects of the poser’s sex could be detected. This finding fits
results from natural settings of more smile mimicry in female
than in male dyads (Hess and Bourgeois, 2010), and of less smile
mimicry by men to men passing by than in any of the other
three constellations (Hinsz and Tomhave, 1991). However, Vrana
and Gross (2004) failed to replicate Dimberg and Lundquist and
instead found no effects of participants’ gender, but an effect
of the poser’s sex: angry women and happy men elicited more
congruent reactions.
Soussignan et al. (2013) varied participants’ gender and
avatars’ sex and gaze direction and measured specific muscle sites
for anger, fear, happiness, and sadness. Analyses revealed main
effects of participants’ gender not influenced by eye gaze–women
compared to men showed less anger mimicry (Corrugator),
and more sadness mimicry (Depressor Anguli Oris; the muscle
which pulls the lip corners downward). For fearful and happy
faces, a complex interaction emerged: women mimicked fearful
expressions with averted gaze (Frontalis), while men did not
mimic these expressions at all. Conversely, happiness mimicry
(Zygomaticus) was stronger in the direct gaze condition, but
this was only true for men. Using a similar setup with less
muscle sites (Corrugator and Zygomaticus) and emotions (anger
and happiness), Schrammel et al. (2009) found that female
participants showed stronger Zygomaticus activation to male
rather than female happy faces independent of gaze, whereas the
same was not true for male participants. A further interaction
involving the Corrugator, genders of perceiver and sender, and
facial expression was not further decomposed.
To conclude, there is no consistent pattern of gender effects
on facial mimicry. Women may show more same-sex smile
mimicry and may be more attuned to environmental (fear with
averted gaze) and self-disclosure information (sadness). Yet given
the exploratory nature of some of these analyses, a replication
is important. In addition, it seems likely that social goals and
motives, as well as the concrete relationship, moderate gender
effects on facial mimicry. For example, whether gender is seen as a
salient intergroup dimension, whether individuals are motivated
to flirt or to protect their relationships, and whether they interact
with known others or strangers is likely to influence gender
effects.
Age
Do younger and older adults differ in their facial mimicry? When
presenting angry facial expressions to younger (age range 18–
26 years) and older (age range 65–83 years) adults, Corrugator
reactions did not depend on age (Bailey et al., 2009). In a further
experiment, angry and happy faces were presented subliminally
and masked with neutral faces (Bailey and Henry, 2009). There
were congruent Zygomaticus and Corrugator activities to happy
and angry faces, respectively, with no effect of age group.
Hühnel et al. (2014) presented a larger set of dynamic
facial expressions (happy, angry, sad, and disgusting), with the
expressions presented by younger and older men and women, to
younger (18–30 years) and older (62–85 years) women. They also
measured the activity of more muscles (Corrugator. Orbicularis,
Zygomaticus; Levator labii, the muscle which lifts and everts the
upper lip, hereafter labeled Levator). While they found similar
congruent facial muscular reactions to happy (Zygomaticus and
Orbicularis activation), angry, and sad expressions (Corrugator
activation) for both age groups, a difference emerged for disgust
expressions: only the older age group showed consistent mimicry
(Levator) in response to this expression. Expression recognition
accuracy in the older group was worse for happy and sad
expressions; thus, the different measures show dissociation for
these two expressions. No sender x perceiver interactions for the
facial reactions were reported by the authors.
Thus, overall the available evidence shows more similarities
than differences in facial mimicry across the investigated age
groups.
Conclusions
Self-reported emotional empathy enhances facial mimicry of
angry and happy expressions. From the reviewed studies,
however, it is unclear whether this latter effect is mediated by
enhanced sensitivity to emotional signals, enhanced emotional
responding or enhanced emotional expressivity. Also, more
evidence is needed for the role of cognitive empathy in facial
mimicry.
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The lack of anger mimicry in avoidantly attached individuals
at longer presentation times and the lack of mimicry in
individuals high in social fear in a study by Dimberg and
Christmanson (1991) can be the result of chronic emotion-
regulation strategies. Directing one’s attention away from an
emotional stimulus or re-appraising it are strategies to down-
regulate negative emotions, and thereby to disengage and detach
(Gross, 2014). Avoidantly attached individuals seem to detach by
suppressing the activation of the attachment system (Fraley and
Shaver, 1997). The present findings suggest that this only happens
at longer stimulus exposure. Similarly, at longer exposure times,
socially anxious individuals show a negativity bias for facial
stimuli, which may be the result of an avoidance orientation
(Schwarz and Clore, 1996).
To understand how these effects play out in day-to-day
interactions, settings with known others have to be studied as
well. Furthermore, other traits influencing social behavior, such
as agreeableness, extraversion or chronic power and affiliation
motives should also be tested as moderators of facial mimicry.
Finally, Person x Situation x Emotion expression experiments can
test whether traits influence facial mimicry especially in specific
trait-relevant situations with respect to specific expressions,
which would strengthen the causal models from trait to facial
behavior.
Regarding the demographic categories gender, age, and
culture, more studies with sufficient test power are needed.
The findings for gender so far fit an evolutionary perspective,
according to which women aremore vulnerable to environmental
threats and should therefore pick up on danger cues more easily,
and men are more ready to engage in ingroup and intergroup
aggression, and therefore pick up more easily on direct anger
expressions (Navarrete et al., 2010).
Investigating facial mimicry in different cultures and across
cultures is practically important for cultural understanding and
theoretically important, in that it can help distinguish culturally
learned from innate propensities. Recent evidence suggests vast
differences in dynamic facial expressions between East Asians
and Westerners (Jack et al., 2012). Their finding that East Asian
models of several emotions show specific early signs of emotional
intensity with the eyes is in line with the finding that Japanese
look more at the eyes regions and US Americans more at the
mouth of emotional expressions (Yuki et al., 2007).
Current State of the Perceiver
In addition to relatively stable personality factors, the perceiver’s
psychological and physiological state also moderates facial
mimicry.
Fearful Mood State
Participants in an experiment by Moody et al. (2007; Exp.
2) watched neutral or fear-inducing film clips and afterwards
neutral, angry, and fearful expressions. In the fearful condition,
participants showed fearful expressions to angry and fearful
faces, as was indicated by heightened Frontalis activity already
in the second half of the first second after stimulus onset. These
responses may be explained by a fast and vigilant information
processing style, because being in a fearful state indicates that
one has to watch out for danger cues in the environment (e.g.,
Schwarz and Clore, 1996; Luu et al., 1998).
Sad Mood State
Likowski et al. (2011b) induced happy and sad mood states
through film clips. Afterwards, participants viewed happy, angry,
sad, and neutral expression, and facial muscular activity was
measured over the Zygomaticus, Corrugator and Frontalis
regions. EMG analyses for the second half of the first second
showed stronger mimicry of happy, sad, and angry faces for
the happy compared to the sad group. Furthermore, the sad
group showed hardly any significant facial muscular reactions to
the emotional faces, except for a Corrugator deactivation to the
happy faces. On the other hand, after having watched the happy
film clip, participants showed clear signs of congruent muscular
reactions to happy and sad expressions, and also a tendency to
mimic anger expressions.
To conclude, facial mimicry is determined by the quality of the
negative mood state and not its valence: Participants in a fearful
mood showed a fear response to angry faces, while participants
in a sad mood did not show any significant reaction to this
expression. The latter effect can be explained by self-focused
attention (e.g., Wood et al., 1990; Sedikides, 1992; Green and
Sedikides, 1999).
Interestingly, participants in the sad condition reacted
to happy faces with a Corrugator deactivation, just as the
participants who watched the happy film clip, and they rated
the sad faces as more arousing compared to the participants in
the happy condition. Thus, obviously these participants still paid
some attention to their social environment; however, the lack of
a Zygomaticus reaction to happy faces indicates that they did not
have the capacity or the motivation to show signs of affiliation.
Manipulation of the Current State by Drug Application
Hormones and neurotransmitters in the body and the brain are
connected with mood, arousal, motive, and need states. Thus, to
understand how psychological states influence facial mimicry, it
seems promising to administer drugs in double-blind, placebo-
controlled designs, as a means to modify the psychological state
of the participant. Hermans et al. (2006) applied testosterone or
placebo to healthy female participants on two separate occasions
in a double-blind, placebo-controlled, mixed factorial crossover
design, and 4 h after medication, Zygomaticus and Corrugator
responses to dynamic happy and angry facial expressions were
measured. Testosterone, compared to placebo, decreased the
congruent responses to both expressions.
This result might indicate a trade-off of status and affiliation
motives, with acutely rising testosterone levels evoking the status
motive and suppressing the affiliation motive (see Eisenegger
et al., 2011). However, it is somewhat surprising that testosterone
did not increase anger mimicry, especially given that testosterone
leads to increased vigilance (van Honk and Schutter, 2007) and
increased heart rate to angry faces (van Honk et al., 2001).
Given that anger mimicry in status competition is potentially
costly, it may well be that testosterone prepares for confrontation,
but that other factors determine whether the confrontation is
actually sought. Manipulating the norepinephrine system had no
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impact on facial mimicry (Harrison et al., 2010). We suggest
that oxytocin, which is assumed to play a critical role in social
cognition and behavior (cf., Churchland and Winkielman, 2012;
Kanat et al., 2014), enhances facial mimicry, e.g., by enhancing
the recognition of facial expressions (Shahrestani et al., 2013).
Conclusions
The perceiver’s mood modifies facial reactions to emotional faces
by changing the perception and interpretation of the social
environment. A fearful reaction to angry expressions in a fearful
state reflects the perceiver’s internal state (seeMoody et al., 2007),
but it also carries a relationship meaning (I submit) and an
appeal (do not hurt me). The reduced mimicry after testosterone
application and in sad mood arguably have different causes.
It is plausible that status motives inhibit affiliation motives,
whereas a sad mood may lead to a temporary inability to engage
in affiliation due to self-focused attention, not to a lack of
motivation. Future studies should test mediation models for
these states, and also expand the range of states examined to
emotional states like anger and pride (cf. Dickens and DeSteno,
2014, for pride and behavioral mimicry). Of practical importance
is furthermore the question whether and how effects of these
states differ from those of chronic forms, such as neuroticism or
anxiety disorders, depressive disorders, and chronically elevated
testosterone levels.
The Sender
Not only perceivers, but also senders have characteristics that
influence perceivers’ reactions to facial expressions. Their socio-
demographic variables such as senders’ gender and age have
been discussed briefly under perceiver characteristics. Cultural
background of the sender has been studied as a determinant
of group membership and will be discussed there. The senders’
traits and states will influence which emotional expressions they
show with which frequency, clarity and intensity. Here, we
focus on two expressive features which have been experimentally
investigated: eye gaze and the dynamic of the expression.
Eye Gaze
An important cue to interpreting facial expressions is gaze
direction. It helps us understand who an emotional expression is
directed at. Is the person afraid of me, angry at me, glad to see me
(Adams and Kleck, 2003, 2005)? Thus, evaluations of expression
and gaze direction determine the relevance of the expression (cf.
Graham and LaBar, 2012).
Yet, only few studies so far have investigated whether facial
mimicry is moderated by gaze. Rychlowska et al. (2012). (Exp.
3) presented photographic images of smiling people with direct
and with averted gaze and found stronger Zygomaticus activation
for direct gaze, which was also judged as more positive. In an
experiment by Schrammel et al. (2009), avatars “walked” to the
middle of the computer screen, turned to the participant or
sideways, displayed a dynamically developing happy or angry
expression or a neutral expression, and then left again, to the
other side. Zygomaticus activity was stronger while watching
happy expressions compared to angry and neutral expressions
only when the smiling avatars faced the participants. Corrugator
activity was higher while looking at angry and neutral compared
to happy faces, and this again was more pronounced in the
direct gaze condition. As described already above, the results
by Soussignan et al. (2013) show higher order interactions
between emotional expression, gaze direction and perceiver’s
gender.
Dynamic Expressions
In real-life encounters, facial expressions are often ambiguous,
sometimes a mix of several emotions, often very slight
and always dynamic, moving from neutral or from another
emotion to the current emotional or neutral display (cf.
Mühlberger et al., 2011). Yet much of the research on
facial mimicry used photographic images of rather idealized
emotional expressions. How valid are these findings for
predicting facial mimicry in an interactive setting? To start
studying this question, researchers have compared responses to
still photographs of prototypical emotions with responses to
dynamic video sequences or morphs, starting from a neutral
expression.
Rymarczyk et al. (2011) compared muscular responses to
static and dynamic (neutral to emotional) happy and angry
expressions of the same actors within participants. Happy
dynamic expressions produced faster and stronger mimicry than
static ones. Results were less clear for angry faces: Corrugator
responses were small, and the only difference was a faster
Corrugator activation for dynamic angry faces.
Using FACS coding of responses to dynamic and static
expressions, Sato and Yoshikawa (2007) found evidence of anger
and happiness mimicry only for the dynamic versions. Sato et al.
(2008) found enhanced facial EMG to happy and angry dynamic
expressions, compared to the static ones, on the Zygomaticus
and Corrugator, respectively. Yet they did not find differential
Corrugator deactivation in response to dynamic and static
smiles. In another study with a similar setup, the Corrugator
showed a greater deactivation—and the Zygomaticus a greater
activation—to dynamic compared to static happy expressions, yet
no differences for the anger expressions were observed (Weyers
et al., 2006).
In sum, dynamic, self-directed expressions generate the largest
response, especially to smiles. In social encounters, emotional
expressions always unfold. Compared to still images, this
dynamic draws attention to the change occurring, and it is also
a further cue, in combination with direct gaze, that the smile is
directed at the participant. For anger expressions, the evidence
is less clear, with some studies finding evidence of more anger
mimicry for dynamic than for still expressions, and others not.
Importantly, the available studies, while suggesting that working
with dynamic stimuli increases test power, do not invalidate
findings from studies with static stimuli, as static and dynamic
stimuli did not produce qualitatively different effects. Apart
from increasing test power, dynamic stimuli can also involve the
disappearance of an expression (cf. Mühlberger et al., 2011) or
the change from one expression to another. Such dynamics are
frequent in interactions, yet little is known about the conditions
for their mimicry.
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The Relationship
The relationship between the interaction partners can be
described in many ways. One of the fundamental distinctions
concerns whether there is a pre-existing relationship or whether
strangers interact. Pre-existing relationships can be characterized
according to their predominant relational model (Fiske, 2004) or
relational orientation (Clark et al., 1998) whereas for strangers,
important dimensions are warmth and competence (Fiske and
Fiske, 2007).
Familiarity
Despite the obvious importance of interactions in existing
relationships, we know of only two empirical publications
measuring facial mimicry with long-standing relationship
partners. In one study, a friend or family member vs. stranger
observed the sender’s disgust and pride responses to the
tasks she performed (Fischer et al., 2012). A FACS analysis
of the videotaped expressions revealed no disgust mimicry,
and smile mimicry (here, as part of the pride display) only
among intimates (friend or family). In the other, photos of
the romantic partners of participants were displayed on the
computer alongside photos of strangers, and EMG measures
to angry expressions were taken (Häfner and Ijzerman, 2011,
Study 1). Results showed increased Zygomaticus responses
to the anger expression of romantic partners toward whom
participants had a communal orientation. This can be interpreted
as a soothing smile to regulate the partner’s anger, and shows
the importance of relationship variables to understand facial
mimicry in existing relations. In sum, among intimates, smiles
in response to smiles and to other emotional expressions seem
to regulate the relationship. Mimicking negative emotions may
be uncommon among intimates and in social settings. How is
facial mimicry between strangers influenced by their relationship,
in particular their attitudes, goals, and group membership?
Having a positive attitude toward another personmeans assessing
them as warm, friendly, good-natured and sincere. The social-
cognitive content model (e.g., Fiske and Fiske, 2007) maintains
that this warmth dimension of social judgments essentially
answers the question: friend or foe? A person judged as warm
is judged to have good intentions and goals at least compatible
with one’s own. According to the model, this is the case
for ingroup members and close allies. Thus, attitudes, goal
compatibility and group membership are naturally confounded
dimensions of relationships. Nevertheless, outgroups can be seen
as positive or neutral, as is typically the case between men and
women, or between adults and children, and having temporarily
incompatible goals in a chess game does not preclude a generally
friendly relationship. It is therefore informative to manipulate
these factors separately to understand how they influence facial
mimicry. Next, we will review evidence regarding attitudes
without a salient group membership.
Attitudes
Explicit Attitude Manipulations
Considerable evidence supports the view that positive attitudes
automatically elicit approach behavior toward objects and people,
while negative attitudes automatically induce avoidance behavior
(e.g., Chen and Bargh, 1999; Neumann and Strack, 2000;
Neumann et al., 2004; Seibt et al., 2008). If mimicry is a
means to affiliate, and thus related to approach behavior, then
a positive attitude toward a person should lead to an approach
orientation and hence—enhanced—mimicry, while a negative
attitude should lead to an avoidance orientation and hence
reduced mimicry. To test these assumptions, we manipulated
attitudes experimentally (Likowski et al., 2008) and expected
positive attitudes toward a person to cause stronger mimicry
of facial expressions posed by that person, compared to neutral
and negative attitudes; for negative attitudes, we expected no
congruent or even incongruent reactions.
First, computer generated female and male neutral faces
were introduced to female participants as avatars with different
characters designed for computer games. Next, three character
descriptions, by using adjectives, were paired to avatars with three
different hair colors, and participants were asked to memorize
the avatar characters with their specific traits for a later recall-
task. The positive characters were described as kind, nice,
likeable, and self-confident, the neutral characters as reserved,
serious, calm, and neat, and the negative characters as malicious,
aggressive, egoistic, and deceitful. After a recall task, showing
that participants had processed the information, they watched the
different characters again, however, now with happy, neutral, and
sad expressions, and Zygomaticus and Corrugator activities were
recorded.
Zygomaticus activation was stronger to happy faces of positive
characters than to those of neutral and negative characters,
with no difference in the reactions to the latter two. Additional
testing for changes against baseline showed significant congruent
Zygomaticus activation in response to happy faces of positive
and neutral, but not of negative characters. Furthermore, while
participants reacted with a congruent Corrugator activation to
sad faces of positive characters, they reacted with an incongruent
Corrugator deactivation to sad faces of negative characters.
Thus, facial mimicry reactions were altered after only one
pairing of the avatars with the characterizing adjectives. From
a functional perspective, the results make perfect sense. While a
positive attitude toward a person leads to approach and affiliative
tendencies and thus mimicry of happy and sad expressions, there
is hardly any reason to approach and thus mimic somebody
toward whom one holds a negative attitude, unless one follows
a certain goal. The incongruent Corrugator deactivation to sad
faces of negative characters may indicate schadenfreude, but
future studies should provide more direct evidence for this
interpretation. Based on the results for the negative characters,
it is worthwhile to examine whether facial muscular reactions
to emotional expressions can be used as a reliable and valid
implicit measure in attitude research (cf., Vanman et al., 2004,
for reactions to neutral expressions) and whether they can be
changed by disconfirming information (cf. Gregg et al., 2006).
Implicit Attitude Manipulations
Attitudes are evaluations, and can be acquired through
conditioning. Is it therefore possible to replicate the results of
an explicit attitude manipulation with a conditioning procedure?
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To find out, Sims et al. (2012) conditioned four different neutral
faces with different amounts of reward: participants won in 90
or 60% of the trials or they lost in 90 or 60% of the trials in
the presence of the respective face Afterwards Zygomaticus and
Corrugator reactions to faces of the same persons, now, however,
with dynamic happy and angry expressions were measured.
Indeed, Zygomaticus reactions to the happy faces were a positive
linear function of the reward value conditioned to the respective
neutral faces; in contrast, reward value had no significant effect
on the Corrugator response to these expressions. For angry
expressions, Zygomaticus response was unexpectedly highest in
the highest loss condition, with no differences between the other
three conditions. If this unexpected finding replicates, it suggests
that extremely negative valence also activates the Zygomaticus,
either directly or indirectly by activating muscles in its vicinity
(see Sims et al., 2012).
Interestingly, even a pairing of a person’s neutral face with an
emotional expression of that same person changes the reactions
to that person’s neutral face. Aguado et al. (2013) presented
neutral static expressions and immediately thereafter a happy
or angry static expression shown by the same persons. They
found that participants who reacted with a differential pattern,
i.e., higher Corrugator activation to angry than happy faces
and higher Zygomaticus activation to happy than angry faces,
showed this differential pattern already to the neutral faces of
the respective persons in the second half of the experiment.
Thus, the affective valence of a person changes according to his
or her typical facial expression toward the perceiver. In sum,
attitudes formed through associative conditioning moderate
facial mimicry.
Interdependence
In order to reach our goals, we often depend on other people. We
usually cooperate in work teams, compete with other individuals,
teams or companies, we depend on others’ fairness, and we work
in hierarchies, with some individuals having more status and
power than us and others less. How do these factors influence
facial mimicry?
Cooperation and Competition
First, we examine three experiments manipulating cooperation
and competition with female participants. In one experiment
(Likowski et al., 2011a), participants were told that they would
later play a game of dice with an avatar. In the game, both players
would throw dice alternately. Then, participants either read that
both players would win if the sum of their final scores exceeded a
certain value (cooperation), that the one with the highest score
would win (competition), or that they had to reach a certain
score for winning, independent of the avatar’s score (neutral
condition). Furthermore, participants would only see their own
results; instead of the avatar’s results they would see the avatar’s
facial expression in response to her result. Thus, the avatars’ facial
expressions now had a specific meaning in the situation. Next,
participants played an example round.
For the EMG measurement, participants just watched happy,
neutral, sad, and angry expressions, which were described as
potential reactions of the avatars to their result. Finally, all
stimuli were presented again with the instruction to recall the
game situation and to indicate the amount of joy, sadness, and
anger evoked by the faces. Then, we measured cognitive empathy
(Decety and Jackson, 2004) with the “Reading the Mind in the
Eyes Test” (Baron-Cohen et al., 2001; German adaption: Bölte,
2005). To evaluate the goals participants pursued, they were
asked to remember the game situation and rate the importance
of several aspects like to appear likable,to have a harmonious and
smooth interaction, or to understand the other person’s feelings and
thoughts.
In two further studies, we subliminally primed participants
with interdependence-related terms. Specifically, four primes
were presented 20 times each parafoveally for 90ms and
immediately masked. Participants’ task was to indicate where
the “flash” had appeared. Cooperation primes were cooperate,
partner, together, and confederate; competition primes were
compete (win in Weyers et al., 2009), rival, opponent, and
competition; and neutral primes were neutral, background,
street, and blackboard (Weyers et al., 2009; Seibt et al., 2013
without cooperation condition). The EMG procedure was the
same in all three studies, but no angry expressions were
shown in Weyers et al. (2009). In the end, manipulation
checks confirmed successful manipulations and awareness checks
confirmed subliminality of the primes.
The results of these studies are summarized in Table 1. In
discussing them, we will focus on results that replicated across
studies. Because only Seibt et al. (2013), but not Likowski et al.
(2011a), found differential interaction effects on the Orbicularis,
we will not describe these results here.
For neutral priming, we found congruent Zygomaticus and
Corrugator reactions to happy and sad faces, respectively; thus
participants reacted to affiliative facial expressions in a congruent
TABLE 1 | Overview of effects of interdependence manipulation on facial
responses to emotional facial expressions.
Interdependence
Study Cooperation Neutral Competition
Zyg Corr Zyg Corr Zyg Corr
HAPPY EXPRESSION
Weyers et al., 2009 – – Act Rel 0 0
Seibt et al., 2013 Act Rel Act Rel 0 Rel
Likowski et al., 2011a Act Rel Act (Rel) 0 Rel
SAD EXPRESSION
Weyers et al., 2009 – – 0 Act 0 0
Seibt et al., 2013 0 Act 0 Act 0 Rel
Likowski et al., 2011a Act Act 0 Act 0 Rel
ANGRY EXPRESSION
Weyers et al., 2009 – – – – – –
Seibt et al., 2013 Act 0 0 0 0 Rel
Likowski et al., 2011a 0 0 0 0 0 Rel
“Act” means activation of the muscle relative to baseline, “Rel” means relaxation or de-
activation relative to baseline, and “0” means no significant change relative to baseline.
Parentheses indicate that the test against 0 is not significant but the difference from the
other conditions is not significant either.
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way (cf. Bourgeois and Hess, 2008). By contrast, participants
in the neutral conditions did not show a congruent Corrugator
contraction to angry faces.
We did not find enhanced congruent facial reactions to the
affiliative expressions in the cooperation compared to the neutral
conditions. The results for the game (Seibt et al., 2013) showed
that indeed, participants primed with competition behaved more
competitively than those primed with cooperation or neutral
words, but the latter two groups did not differ from each
other. According to van Vugt et al. (2007) women are more
cooperative thanmen, so our female participants presumably had
a cooperative stance in the control condition as well. A study
including male participants could shed light on this hypothesis.
After the explicit cooperation manipulation, we observed
an incongruent Zygomaticus activation to sad expressions.
This activation could be fully explained by the goal to
have a smooth and harmonious interaction, i.e., it can be
interpreted as encouragement. Furthermore, subliminal priming
for cooperation led to Zygomaticus and Orbicularis activity
increases toward angry faces. These effects can be seen as
evidence for a soothing smile toward a cooperation partner
in order to prevent the cooperation from failing. Thus,
both Zygomaticus reactions can be due to context-specific
motivations.
The results of all three studies show a complete lack of
Zygomaticus activation to happy faces in the competition
conditions. One reason for not mimicking a happy face is a
rejection of the opponent’s affiliative offer (see Hess and Fischer,
2014). Another one is that a competitor’s happiness signals goal
progress, which has negative implications for oneself. Yet, we also
found Corrugator relaxation to happy expressions in competitive
contexts, which is a sign of a positive valence. Mediational
analyses revealed that the lack of a congruent Zygomaticus
reaction to happy faces in the competitive game condition could
be explained by a decrease in state cognitive empathy: The
lower the current cognitive empathy, the lower the congruent
Zygomaticus response to happy faces. This suggests reduced
interest in others due to reduced affiliation motivation.
Our findings for the competition conditions replicated
findings by Lanzetta and Englis (1989) that competition leads
to incongruent facial reactions: Specifically, participants with a
competitive mind-set showed Corrugator relaxation rather than
contraction to sad and angry faces. Corrugator reactions are
inversely and linearly related to valence (Lang et al., 1993; Larsen
et al., 2003). Thus, the competition groups presumably evaluated
the sad and angry faces positively because a competitor’s sad
or angry face indicates an advantage for oneself. It is rather
unlikely that the participants considered the anger to be a sign of
aggression directed toward them, because in that case a relaxation
of the Corrugator muscle, i.e., a positive affective reaction, would
not make sense. Support for this interpretation comes from the
significant mediations of these Corrugator relaxations to sad and
angry expressions by joy in the competitive game condition.
In sum, the results show a modulation of facial mimicry by
cooperation and competition. However, with one experiment
(Likowski et al., 2011a) we created a specific situation, namely
a game of luck in which one does not have control over the
outcome. Thus, further studies should investigate a broader range
of situations, for example situations in which participants have
to make strategic decisions. Furthermore, it would be interesting
to vary the amount of rewards that participants are promised
for successfully cooperating or competing. This might modulate
particularly affective reactions to the emotional expressions.
Fairness
A game of dice as used by Likowski et al. (2011a) is fair because
the a-priori likelihood of winning is equal for both sides. Now
imagine a situation in which you have to give a certain amount,
and your interaction partner is free to split the amount she
disposes off evenly or to keep everything. If the latter happens
several times you will certainly disagree with your partner’s
behavior and think of it as unfair.
Hofman et al. (2012) examined the effect of such a fairness
manipulation on facial mimicry. Participants were first shown
morphs of developing happy and angry facial expressions.
In the second part, participants received 1600 points for the
upcoming game and were told that the remaining points would
be exchanged for money after the experiment. They were then
instructed to offer in each of the following trials 25 points to
one of two neutrally looking partners who would then have 50
points in total to distribute freely. The “confederates,” however,
were pre-programmed to either behave fairly (in 75% of the trials
the sum was split evenly), or unfairly (in 75% of the trials the
opponent kept everything). After the feedback of the trial’s result,
the chosen partner showed either a happy or an angry expression,
identical to those used at the beginning. In the last part, all
morphs from the introductory part were presented again.
During the first part of the experiment, participants showed
congruent reactions to the happy and angry expressions, i.e.,
Zygomaticus activation to happy and Corrugator activation to
angry expressions. During the second part, facial mimicry in
response to happy expressions of unfair partners was reduced in
comparison to the responses in the first part. And in the third
part, participants showed increased anger mimicry to formerly
unfair proposers and decreased anger mimicry to formerly
fair proposers, while happy mimicry did not differ from the
first part. Thus, the facial reactions which were mimicking
responses at the beginning, changed according to the participants’
learning experience, based on the partners’ behavior during the
game. The authors assume that the reduced happy mimicry
after unfair offers, i.e., after a violation of social norms, is a
sign of resentment, thereby not providing reinforcement of the
preceding behavior.
Power Relationship
Imagine an interaction between two individuals of different
status or social power. What will happen, for example, in
case the person high in power looks angrily at the person
low in power? Based on power theories as well as studies
concerned with emotional perception and responding, Carr
et al. (2014) assumed that one’s power in a relationship
should shape one’s facial reactions to the other’s emotional
expressions. Participants were primed neutrally or with high or
low power by a writing task and afterwards watched the faces
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of target persons whose status was manipulated in power by
ascribing a high or low power profession to them. The targets
showed happy and angry expressions, and Zygomaticus as well
Corrugator reactions were recorded. Low power participants
showed Zygomaticus activation (i.e., a smiling response) to all
expressions, independent of the targets’ power. Their Corrugator
reactions to angry and happy faces differentiated stronger for
high compared to low power targets. High power participants
showed Zygomaticus activation to happy faces of low, but not
high power targets. And they reacted with stronger Zygomaticus
activation to angry faces of high power persons. These results
show that the power (status) relationship modulates facial
mimicry. However, its interpretation is not always clear. For
instance, why do low power individuals activate the Corrugator
to angry faces of high power individuals? Future studies should
measure additional muscles, like the Frontalis for fear, and
disambiguate the meaning of perceived and emitted facial
expressions.
Group Membership
An important part of who we are concerns our group
memberships. Members of closely knit groups imitate each
other and converge on group norms for clothing, hair style,
accent, and non-verbal behavior. It is therefore reasonable to
assume that group members show more facial mimicry among
each other than toward outgroup members. Furthermore, when
group identity is salient (Brewer and Gardner, 1996), group
members also tend to feel group emotions following group-based
appraisals (Mackie et al., 2000; Smith et al., 2007). This can be a
further reason for picking up each other’s emotional expressions.
Finally, because group membership is important for us, being
excluded from groups should motivate us to show affiliative facial
behavior to get included again.
Ingroup vs. Outgroup
Hess (2001) reported that negative racial attitudes toward
members of an ethnic out-group covaried with the facial
reactions to pictures of facial expressions of these out-group
members: French Canadians did not mimic the happy and sad
facial expressions displayed by Japanese actors, and the more
negative their racial attitudes toward the members of the other
ethnic group were, the more they showed incongruent facial
reactions to these expressions. Specifically, they smiled at the
Japanese actors’ sad facial expressions and frowned at their happy
ones. Participants in another study watched video sequences
of emotional displays of two politicians (without sound) and
negative attitudes toward the better known politician (Ronald
Reagan) predicted less congruent facial reactions toward his
happy expressions (McHugo et al., 1991). Yet, in a prior study,
political attitudes did not modulate facial mimicry to Ronald
Reagan’s videotaped facial expressions (McHugo et al., 1985).
Bourgeois andHess (2008) investigated facial reactions toward
happy and angry displays by two politicians, and toward happy,
sad and angry displays by alleged basketball players or non-
players from an ethnic ingroup or outgroup of the participants.
Happy displays were mimicked in all conditions, yet sad displays
were only mimicked for faces presented as basketball-players by
basketball-players (and as non-players by non-players) and angry
displays were only mimicked for a politician by supporters of this
politician. The context of a political debate provided a meaning
of the display as directed toward the political enemy, not toward
the self. Because anger mimicry in more ambiguous contexts can
escalate a conflict, it is not surprising that it is avoided in such
contexts. Given the lack of a smiling response to happy displays
in competitive contexts (see above), it is surprising that the smiles
of the competing politician were mimicked in this study. Sadness
mimicry, conversely, may become more selective the more social
a situation gets, because in social settings, mimicking sadness can
become costly by inviting emotional sharing.
A study on French and Chinese participants’ (living in
France) estimates of the duration of stimulus display of angry
and neutral ethnic ingroup and outgroup members sought to
find evidence for differential mimicry with an indirect method
(Mondillon et al., 2007). In particular, the prediction was
that French participants would overestimate the duration of
angry ingroup members’ displays because they would tend to
imitate these displays. This should lead to higher arousal, which
in turn would be the proximal cause for the bias. Results
confirmed these predictions. Chinese participants, however, did
not show a differential estimation. For them, French and Chinese
expressions may have been equally relevant, because they lived
in France, leading to equal imitation of both groups. The task in
this study was a non-social one, which might explain that anger
mimicry presumably occurred.
van der Schalk et al. (2011) showed female psychology
students angry, happy, and fearful displays of male models,
allegedly also studying psychology (ingroup) or studying
economics (outgroup). In a second study, they showed Dutch
participants of both genders dynamic facial expressions of Dutch
and other nationals of unspecified gender. Replicating Bourgeois
and Hess (2008), no effect of the group manipulations was found
for the mimicry of happiness displays. Conversely, participants
showed more facial mimicry in response to ingroup anger and
fear than to the corresponding outgroup displays, as measured by
EMG in Study 1 and FACS in Study 2. The finding for sadness fits
with the Bourgeois and Hess findings, yet they found no anger
mimicry for the basketball ingroup. A difference between these
two studies is that Bourgeois andHess usedmalemodels (photos)
and participants while van der Schalk et al. used male models
and female participants in Study 1 and dynamic expressions in
Study 2.
Studying teenagers’ and adults’ reactions to same-age and
different-age video-morphings, Ardizzi et al. (2014) found
enhanced ingroup mimicry for teenagers, but not for adults.
Specifically, the study found enhanced Corrugator reactions in
teenagers to teenagers than to adults, while adults’ reactions
did not differentiate between target groups. From the graphs, it
becomes apparent that this difference is carried by teenargers’
stronger Corrugator responses to teenagers’ vs. adults’ sad,
fearful, and angry expressions. Both age groups, however,
showed similar congruent Zygomaticus reactions to happy faces,
independent of the sender’s age. Contrary to these results, Hühnel
et al. (2014, see above) did not observe an ingroup vs outgroup
interaction effect.
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Social Exclusion
Social exclusion is a powerful social stressor leading to a wide
range of cognitive and behavioral changes intended to regulate
one’s social relationship because of a fundamental motivation to
belong with others or groups (Baumeister and Leary, 1995). Thus,
one should expect that affiliative motivation increases after social
exclusion, thereby promoting facial mimicry at least to affiliative
expressions, and this has indeed been shown by Kawamoto et al.
(2014). They used a ball-tossing game (Cyberball) to manipulate
social exclusion and found stronger facial mimicry to happy faces
after social exclusion compared to social inclusion, as indicated
by larger Zygomaticus responses.
Conclusions
The described experiments indicate that group membership
is a powerful moderator of the facial reactions to emotional
faces. Being a member of a specific group leads to affiliative
signs, i.e., smile mimicry, and also to mimicry of sad
expressions of members of one’s own group, the latter indicating
empathy and possibly support. Regarding age groups, only
teenagers, but not adults, showed ingroup effects in facial
mimicry. These effects could be either due to attitudes,
or to shared and non-shared group identity (cf., Schubert
and Häfner, 2003). Finally, being excluded from a group
increases smile mimicry, possibly indicating increased affiliative
tendencies.
General Conclusions
This review examines what is known about facial mimicry
in social encounters. We found that many factors that are
important in social encounters moderate facial mimicry. We also
discovered that this moderation is not just a matter of more or
less mimicry, but that the intensity and type of facial response
shown to facial displays also depend on the facial expression
and the gaze direction. This result fits the observation that facial
expressions carry intrinsic meaning, such that imitating a smile
does not mean the same as imitating an anger expression. This
makes it difficult to discover general rules for when individuals
mimic what. Investigating any possible combination of setting,
perceiver, relationship, interaction dynamic, expression, muscle
site, and gaze direction is impractical, possibly akin to trying to
predict the exact verbal reply to a particular statement somebody
makes.
On the other hand, this review did show the value of isolating
important modulating factors. By trying to understand how
these factors influence facial mimicry, we can hope to get closer
to the proximal causes and functions of facial responses to
facial expressions, and thereby to a predictive model. Different
approaches have been used to study the processes underlying
facial mimicry. One approach is to test if emotional reactions
to the stimuli covary with facial responses or mediate them.
Using this approach, Likowski et al. (2011a) discovered that a
positive facial response to a negative expression of a competitor
was mediated by joy. That same paper reports mediation of
other responses by situational goals, and of others by cognitive
empathy.
Not only self-reports, but also other responses such as event-
related potentials can help understand facial mimicry. Achaibou
et al. (2008) found that facial mimicry covaried with early event
related potentials in the EEG indicative of perceptual processing,
which suggests that perception and attention modulate facial
mimicry. Regarding not primarily the causes, but rather the
functions of facial mimicry, several researchers have blocked
facial mimicry to show that it can help in expression recognition
(e.g., Oberman et al., 2007; Stel and van Knippenberg, 2008;
Maringer et al., 2011; Rychlowska et al., 2014).
While these studies suggest the involvement of perceptual,
attentional, emotional, and motivational processes in shaping
facial responses to facial expressions, only one paper tested
potential mediators of facial responses to facial displays (Likowski
et al., 2011a) so the interpretation has to remain speculative.
Given that many of the studies reviewed included angry and
happy expressions of the sender, we will next discuss likely
processes behind facial responses to these expressions.
Responses to Happy Expressions
Happy expressions typically evoke Zygomaticus and Orbicularis
contractions and Corrugator relaxations. These responses are
rather robust to moderating influences. Even in a sad mood,
with no other facial responses, Likowski et al. (2011b) observed
a Corrugator deactivation to happy expressions, and this was
also the only congruent facial reaction shown to competitors
(Likowski et al., 2011a; Seibt et al., 2013). We suggest that
this robustness is due to several processes jointly determining
happiness mimicry.
First, genuine smiles act as social rewards (Heerey and
Crossley, 2013), and therefore evoke a positive response and a
tendency to return the reward (Sims et al., 2012). Second, smiles
clearly signal a desire to get along and thereby form a solid basis
for friendly relationships (Hess and Fischer, 2013; Rychlowska
et al., 2015). Likewise, smile mimicry signals to the mimicker
that the sender is being authentic (Korb et al., 2014), thus
reinforcing affiliative motivation. Third, Corrugator relaxation
and Zygomaticus contraction are not specific to happiness and
can indicate any positive emotion or affect (Lang et al., 1993;
Larsen et al., 2003), as well as other types of smiles, such as
dominance or affiliation smiles (Niedenthal et al., 2010). And
fourth, returning a smile is usually not a costly signal—no
promise is made by returning a smile (with a few exceptions),
such that a strong habit can develop to automatically return a
smile in most circumstances.
Thus, the next interesting questions to address are not so
much whether smiles are responded to with any of these muscles,
but more how we can recognize which meaning the smile has
(see also Niedenthal et al., 2010), how smiling behavior differs
between strangers and friends, between and within groups, and
which muscle indicates which aspect of the response.
Responses to Angry Expressions
More puzzling are the responses to angry expressions. If the
reason we show mimicry is for the social goal to affiliate with
others, mimicking their angry expression does not make a lot of
sense. Anger carries the meaning: “You are responsible for my
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negative outcome” and thereby does not exactly invite affiliation
and bonding. Rather, it has been characterized as an aggressive
expression (Krieglmeyer and Deutsch, 2013), which may be
strategically employed to enforce norm compliance (Hofman
et al., 2012). Why, then, did so many studies find anger mimicry?
We suggest several explanations.
First, what looks like anger mimicry need not actually be
an anger expression at all. Various studies test Corrugator to
angry vs. happy expressions, thus effects can also be carried by
the Corrugator deactivation to smiles. Furthermore, a contracted
Corrugator can also be a sign of global negative affect (Larsen
et al., 2003), disapproval (Cannon et al., 2011), incoherence
(Topolinski et al., 2009), surprise (Topolinski and Strack, 2015),
doubt (Sanna et al., 2002), or mental effort (Stepper and Strack,
1993; Hess et al., 1998; Strack and Neumann, 2000; Koriat and
Nussinson, 2009). This goes back to (Darwin, 1955 [1872]) who
characterized the frown as a reaction to an obstacle (p. 220).
Thus, anger expressions can be “frowned upon” because they are
surprising, impolite, and unmotivated.
Second, the less social a situation, the more individuals may
allow themselves to engage in mimicry as a way to understand an
expression. That is, anger mimicry may be much less common in
real encounters than in lab situations (Hess and Bourgeois, 2010).
Thus, it may well be that the more “serious” the anger expression
of the sender is, and the more real the response, the less likely
the anger mimicry. For example, communal partners smiled to
angry expressions of their romantic partners, but not of strangers
(Häfner and Ijzerman, 2011), and high power individuals did
not show pure anger mimicry to anger expressions of other
high power individuals, because they also showed Zygomaticus
activation (Carr et al., 2014). This latter finding resonates with
research finding a preference for complementarity in dominant
and submissive postures, rather than imitation (Tiedens and
Fragale, 2003). Third, anger mimicry can make sense when the
anger is felt as a group emotion toward a common opponent (van
der Schalk et al., 2011). And fourth, angermimicrymay also serve
to deter aggression, which may explain that men are more likely
to show it (Soussignan et al., 2013).
Given these various possibilities, it is important to measure
these potential processes in order to understand the meaning of
a particular finding.
Methodology
Facial mimicry research always involves facial stimuli with
varying expressions and a measure of facial responses. Variations
in these aspects across studies complicate the comparison of
results. Table 2 shows methodological differences among the
studies reviewed.
Stimulus Material
Differences across studies can, in part, be due to differences
in the stimuli presented. For instance, fluency of processing is
a source of positive affect, and can activate the Zygomaticus
(Topolinski et al., 2009). Strong expressions, high visual contrast,
familiarity and ingroup-status can increase fluency. Liking and
attractiveness of faces also increase positive affect. The dynamic
unfolding of expressions increases their salience and thereby
guides attention. Furthermore, responses differ between, but also
within expressions (e.g., polite vs. genuine smiles).
For these reasons, varied stimuli within the same study
decrease statistical power (Westfall et al., 2014). To control for
such variance, many studies used computer generated stimuli.
Such stimuli can be introduced as avatars for concrete persons,
allowing to investigate responses to known others in a highly
controlled study. However, while responses to avatars and to
photos are comparable (Spencer-Smith et al., 2001; Moser et al.,
2007;Mühlberger et al., 2009), computer-generated stimuli, when
falling in a specific “gap” in approaching realism (“Uncanny
valley”), may engender negative reactions (de Borst and de
Gelder, 2015).
In addition, human interaction entails different motivations
and dynamics than passively looking at photos or avatars. For
example, the presence of others enhances smiling expressions
(Fridlund, 1991; Hess et al., 1995). But are reactions to stimuli
on a screen and to interaction partners qualitatively the same,
only more or less intense, or are they fundamentally different?
Among the few articles using both kinds of situations, Heerey and
Crossley (2013) found parallel effects of different types of smiles
on the onset of mimicry reactions for FACS and EMG analyses
of interaction and non-interaction situations, respectively. This
is tentative evidence for qualitatively similar responses, but
more direct evidence is needed. Thus, researchers should seek
convergent evidence from well-controlled and from naturalistic
settings.
Measurement and Analysis
Having electrodes in the face is not very natural; thus, studies
concerned with ecological validity employ FACS coding instead
of EMG. This difference in methods, however, may also directly
influence results. While only visible changes can be picked up by
FACS, EMG can also pick up muscle activation that is invisible to
the eye. The confound between natural situation and assessment
method poses a problem: if EMG, but not FACS, reveals anger
mimicry, it might be that in interactions, people do not show
anger mimicry, or it might be that anger mimicry usually remains
below the visibility level.
Many other methodological choices are likely to influence
results of facial mimicry studies. Here, we highlight three.
Facial mimicry studies vary considerably in the time period
of measurement: some look at the time course of the activity
changes, typically during the first second after stimulus onset,
while others present the mean difference from baseline for a
whole stimulus presentation period (e.g., 6 s). An important
next step will be to study the time course of facial mimicry
modulations in more detail. A second issue concerns the
treatment of EMG data. This review examined whether social
situations influence themimicry of different emotions to different
degrees. However, several studies tested angry against happy
expressions, or standardized the difference scores before analysis,
making it impossible to gauge the net-effect per emotion. The
third issue concerns replicability of effects. Different method
choices in different labs and sometimes considerable numbers of
individual tests per study suggest that replication in this field is
important and challenging.
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How Do These Processes Develop?
A facial response to a facial expression, like any other response,
can be based on a reflective process, or it can be impulsive, based
on learned associations (Strack and Deutsch, 2004). Anger and
happiness expressions are assumed to be unconditioned stimuli,
and should therefore evoke unconditioned affective reactions
(Tomkins, 1962; Ohman and Dimberg, 1978). In addition, other
expressions are assumed to become conditioned stimuli, such
as a competitor’s sadness signaling victory (Lanzetta and Englis,
1989). Finally, operant conditioning can reinforce any response
as long as it has positive consequences, which can explain a
smiling reaction to one’s partner’s anger (Häfner and Ijzerman,
2011).
Unconditioned responses can be distinguished from learned
responses on the basis of developmental studies with children
of different age groups, which is a promising avenue for further
research. To determine whether a response is given impulsively
and thus the result of conditioning processes, or reflectively,
researchers can vary the exposure time to the emotional
expression (Sonnby-Borgström, 2002; Sonnby-Borgström et al.,
2003), the response period observed (early vs. late reactions, see
Moody et al., 2007), or concurrent cognitive load (Cannon et al.,
2009). Further, combining EMG with fMRI measurement can
help discover the pathways of facial mimicry (Likowski et al.,
2012). Given the rapid progress in fMRI technology, this seems
a particularly promising avenue for future research (Heller et al.,
2014). If one assumes that there is a fast route to “mirror”
facial expressions, the question at what stage of information
processing this route is modulated becomes inevitable. Moody
et al. (2007) propose that such effects can originate at
perception, with heightened sensitivity to emotion-relevant
expressions, at information processing, with amplification,
biased interpretation and evaluation of relevant input or at
response preparation, with pre-activation of relevant facial
responses.
The Social Encounter
As soon as individuals actually interact, they learn about each
other (see Hofman et al., 2012; Aguado et al., 2013), which can,
in turn, rectify pre-existing assumptions or change individuals’
mood states. Factors such as the topic of the conversation, the
facial mimicry of the sender, or the clarity, dynamic and type of
facial signals will influence the emotional tone of the conversation
and the cognitive and emotional states of the interaction partners.
This, in turn, impacts the facial mimicry of the perceiver.
Furthermore, do interaction partners reciprocate the general
amount of mimicry? Given that the brain’s common currency
is reward and punishment, it is likely that individuals distribute
facial rewards and punishments just like other rewards and
punishments in a tit-for-tat fashion (Axelrod and Hamilton,
1981), mimicking those who mimic them and stopping to mimic
when the other is not mimicking them. Finally, relationship
variables like power, attitudes, interdependence and fairness
can be established, reinforced or mitigated through facial
expressive and mimicry behavior. Studying facial mimicry in
social encounters can help answer these questions. In addition,
with refined software, it should be possible in the near future
to test these propositions by manipulating the reciprocation of
facial expressions via computer generated dynamic expressions
shown by avatars or androids and triggered in real time by
the participant’s facial actions (see Bartlett and Whitehill, 2011;
Littlewort et al., 2011; Hofree et al., 2014).
Summary
Facial mimicry is embedded in the overall context. Congruent
facial reactions are but one possible response to facial
expressions. Another possibility is an incongruent response
whose valence is opposite to that shown by the expresser.
The selection of the reaction is determined by context-specific
learning history. The collected evidence suggests that congruent
facial expressions are by far not the reflex-like response they were
once thought, and that facial reactions are not only quantitatively
but also qualitatively modulated by contextual factors. To better
understand facial mimicry, we have to study it in its social
setting. Additionally, we have to design studies that shed light on
functions and processes.
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